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Fig. 4. Once i0 sections are aligned, the slide is 
tilted, forcing the water to run down slowly. If 
any section tends to run with the water, it can be 
repositioned by pushing it with the hair while there 
is still water on the slide. 

A l though  most  of the  t ime,  only  1 row of 10 sections 
per  slide was used, i t  was e~sy to  ob ta in  more,  say up 
to 5 rows of 10 sections, hence  50 sections per  slide. 

This  m e t h o d  for moun t ing  sections and r emov ing  the  
excess wa te r  f rom the  slides appears  to  be a v e r y  useful 
one, even  in moun t ing  rout ine.  0.5-1 ~m E p o n  sections 
for rad ioau tography ,  s ince deposits  a round the  section, 
which results  f rom the  d ry ing  of water ,  were avoided.  
These deposi ts  are  usual ly  responsible  for an  excessive 
background  fog in t he  emuls ion 8. 

Resumen. Describese una  tecnica  pa ra  la obtenci6n  de 
cua lqu ie r  nfimero de cortes  seriados de 0,5-1 ~m de espes- 
sura, de  ma te r i a l  incluso en Epon,  usandose una  cuchi l la  
de d iamante .  Ademas  de  su uso pa ra  seriaci6n de  cortes,  

la tecnica  mues t rase  fit i l  pa ra  la mon tage  de cortes pa ra  
radioautograf ias .  
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A N e w  M e t h o d  f o r  the Cytochemical Demonstration of p-Diphenol: 0 20xidoreductase (Laccase) 

Phenol  oxidases  are  widespread  a m o n g  p lan ts  and 
animals .  I n  micro-organisms these  enzymes  are  especial ly  
f r equen t  in fungi  capable  of degrad ing  l ignin I. I n  this  
pa r t i cu la r  case, the i r  mos t  i m p o r t a n t  purpose  is t h e  
de tox i f ica t ion  of hea r twood  tox ins  2. A d i rec t  par t ic ipa-  
t ion  in l ignin  decompos i t ion  could no t  be  p roved  8. 
Melanin  synthes is  in fungi  is also ca ta lyzed  by  these  
enzymes  4. The  phenol  oxidases  are  d iv ided  in to  p-di-  
p h e n o l : O  2 oxidoreductase  (laccase; E.C. 1.10.3.2) and  
o-diphenol :  02 ox idoreduc tase  ( tyrosinase;  E.C. 1.10.3.1). 
However ,  these  2 enzymes  cannot  be clearly dis t inguished 
f rom each  o ther  because  the i r  subs t ra te  specif ici ty is 
compara t i ve ly  broad  and overlaps.  Laccase  oxidizes o- 
and p-diphenols  and p-phenylenediamine ,  b u t  no t  mono-  
phenols,  whereas  t y r o s i n a s e  ca ta lyzes  t he  ox ida t ive  
degrada t ion  of mono-  and o-diphenols,  b u t  no t  t h a t  of 
p-diphenols  and p -pheny lened iamine  5. 

The  procedures  t h a t  have  been developed for the  cyto-  
chemica l  demons t r a t ion  of phenol  oxidases are  com- 
pa ra t ive ly  nonspecif ic  and do no t  p e r m i t  a separa te  
demons t ra t ion  of laccase and tyrosinase.  I n  th is  case 
the  incubat ion  m e d i u m  consists of a buffered solut ion of 
L-dioxyphenyl-a lanine  (DOPA)2. The  essential  d i sadvan-  
tages  of this  t echn ique  are a nonenzym a t i c  ox ida t ion  of 
the  subs t ra te  and the  wate r  so lubi l i ty  of d i f ferent  in ter-  

med ia te s  7. I n  addi t ion,  L-tyrosine has  been  used as 
subs t ra te  8. 

I n  t he  course of inves t iga t ions  of the  cy tochemica l  
de tec t ion  of enzymes  in fungi  9, an  a t t e m p t  was m a d e  to  
de tec t  phenol  oxidase  a c t i v i t y  wi th  t he  procedure  of  
LAIDLAW and  BLACKBERG x°. E v e n  af te r  pro longed 
incubat ion ,  no s ta in ing could be  Observed. Therefore ,  a 
be t t e r  t echn ique  for t he  in t racel lu lar  demons t r a t ion  of 
pheno l  oxidases in fungal  cells had  to  be  developed.  

SCHENK et  al. II descr ibed a m e t h o d  for the  s tabi l iza t ion  
and subsequen t  de tec t ion  of t he  quinones  t h a t  resul ted 
f rom t h e  ox ida t ion  of  t he  ox icoumar ins  unbel l i ferone 
and aesculet in.  The  quinones  are coupled w i t h  BEST- 
HORN'S X~ hydrazone(3-methyl -benz th iazolon(2) -hydrazon-  
hydrochlor ide)  to  an  azo dye  13. I n  food chemis t ry  th is  
procedure  is used for the  eva lua t ion  of phenol  oxidase  
ac t i v i t y  x4. The  resul t ing azo dye  is no t  water -soluble  
and could therefore  be of a cer ta in  impor tance  for t he  
d e v e l o p m e n t  of a cy tochemica l  procedure.  

The  exper iments  were pe r fo rmed  wi th  t he  fungi  
Aspergi l lus  fumiga tus  (laccase produc ing  according to xs), 
Aureobas id ium pul lulans  (laccase produc ing  according 
to  xs) and Neurospora  s i tophi la  ( tyrosinase produc ing  
according to xT). Cultures  on cover  glasses in m a l t  ex t r ac t  
solut ion (1.7% m a l t  ex t rac t ,  0.3% pep tone ;  Oxoid) were 
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p repa red  accord ing  toL  T h e  incuba t ion  m e d i u m  con- 
t a i ned :  0 . 1 m l  1% BESTHORN'S h y d r a z o n e  (C. Ro th ,  
Kar l s ruhe ,  Germany)  in 6 ~  e thanol ,  6 ml  0 . 2 M  phos-  
p h a t e  buf fe r  (pH 7.0) and  l m l  1% aqueous  s u b s t r a t e  
solut ion.  The  s u b s t r a t e s  were  h y d r o q u i n o n e  (reinst ;  
Merck, D a r m s t a d t ,  Germany)  for laccase xs and  L-tyrosine 
(Serva,  Heide lberg ,  Germany)  for tyrosinaseZ~,zL The  
f inal  p H  value  was  7.0 and  cor responded  a p p r o x i m a t e l y  
to  t he  p H  o p t i m a  of fungal  pheno l  oxidases  (laccase: 
6.1 z~ _ ty ros inase  : 6-7 xT, 1~). The  solu t ions  of BEST- 
HORN'S h y d r a z o n e  a n d  of h y d r o q n i n o n e  g radua l ly  change  
colour  a n d  m u s t  be p r e p a r e d  dai ly .  The  s t a in ing  was  
pe r fo rmed  a t  37°C in mois t  c h a m b e r s  or  in s t a in ing  
t roughs  for  cover  glasses ~°. Controls :  comple t e  m e d i u m  
a) minus  BESTHOR~'S hydrazone ,  b) minus  subs t ra te ,  
c) p lus  10-2M aqueous  sod ium d i e t h y l d i t h i o c a r b a m i n a t e  
(p.a. ;  Merck) ~,z~, d) p lus  10-~M aqueous  sod ium azide ~. 

Results. a) Laccase. Afte r  t h e  o p t i m a l  i ncuba t ion  
per iod  of 60 min ,  t h e  h y p h a e  of all  3 fungi  con ta ined  
round-shaped ,  d is t inc t ,  r e d b r o w n  grannies  in colourless  

or l igh t  b r o w n  c y t o p l a s m  (Figures 1-3). The  reac t ion  
p r o d u c t s  were  c o n c e n t r a t e d  in t h e  growing h y p h a l  t ips ;  
the i r  n u m b e r  decreased  in o lder  pa r t s  of t he  myce l ium 
wi th  increas ing  age and  consequen t  increas ing vacuola-  
t ion.  Most  of  t h e  spores  of A./umigatus  a n d  N. sitophila 
were s t a ined  w i t h  t he  s a m e  in t ens i t y ;  occas ional ly  t h e y  
r ema ined  uns ta ined .  No s ta in ing  occur red  in t he  con- 
t rols  a), b), and  c), b u t  only  a weaken ing  of the  reac t ion  
p ic tu re  in A./umigatus and  Aur. pullulans in con t ro l  d). 
I n  N. sitophila the  reac t ion  was  no t  inf luenced by  10 -2M 
sod ium azide. 

b) Tyrosinase. E v e n  a f t e r  p ro longed  incuba t ion ,  t he  
spores  a n d  h y p h a e  of all  3 tungi  r ema i n ed  uns ta ined .  

The  resul ts  of the  cont ro l  reac t ions  show a specif ic i ty  
of t he  t e s t ed  incuba t ion  m e d i u m  for t he  de tec t ion  ot  
p -d iphenol :O~ ox idoreduc tase  (laccase). Deta i l s  of t he  
reac t ion  m e c h a n i s m  resul t ing  in t h e  e n z y m a t i c  f o r m a t i o n  
of t h e  azo dye  h a v e  no t  as ye t  been  descr ibed.  Accord ing  
to  HfDNIG e t  al. ~, t he  fol lowing scheme  is sugges ted :  
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laccase= 
1) HO ~ - - . / ~ 0 ~  + ½0 z 

Itydroquinone 

N-NH z 

6[STHOeN'S hyerazone p-Ouinone 

$ 

tO- 0 + HzO 

Azo dye 

0 " - ~ = 0  + )tzO 

p-Ouinone 

Cytochemical localization of laccase in Aspergillus jumigatus 
(Figure 1), Aureobasidiura pullulans (Figure 2) and Neurospora sito- 
phila (Figure 3). 
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The azo dye is not  soluble in water bu t  in lipids, so tha t  
it  is probable tha t  it migrates into the fat vacuoles of 
the fungal cell after its enzymatic formation. As the 
site of deposition need not  to be identical with the site 
of formation, it is impossible to assign exactly the reaction 
granules to individual cell particles. 

The reason for the absence of any staining after 
incubation with L-tyr0sine as substrate is very probably 
that  all 3 fungi do not  produce tyrosinase under the 
given conditions. This can be explained by the composi- 
t ion of the culture medium. Malt extract solution con- 
tains all nutr ients  for the most commonly occurring fungi 
and thus for the organisms examined in this case. HORO- 
WITZ and SHEN x~ found that  Neurospora shows strong 
tyrosinase activity only when it  is grown on a sulfur- 
deficient medium. The tyrosinase inhibitor suspected by 
these authors might also to a large extent restrict enzyme 
production in the malt  extract solution. Whether, and 
under what conditions, A./umigatus and Aur. pullulans 
can produce tyrosinase is not  known. 

Zusammen[assung. Nachweis des Enzyms p-Diphenol: 
O~ oxidoreductase (Laccase) in den Zellen der Pilze 
Aspergillus fumigatus, A ureobasidium pullulans und Neu- 
rospora sitophila dutch einen Azofarbstoff, der mittels 
Kupplung des enzymatisch gebildeten p-Chinons mit  
BESTI~ORIq'S Hydrazon (3-Methyl-benzthiazolon(2)-hydra- 
zon-hydrochlorid) entsteht. Als Substrat  wird Hydro- 
chinon verwendet. Der Farbstoff wird in runden, rot- 
braunen Granula abgelagert. Kontrollreaktionen bestA- 
tigen die Spezifit/it der Reaktion. 
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Microm~thode  de d o s a g e  des  ant i corps  ant ia l lo type  chez  la Sour i s  par un  test  de l ia i son  avee  le 
f r a g m e n t  Fc m a r q u 6  A l ' iode radioact i f  

I1 s'agit de doser dans un sCrum de Souris C 57 BI/5 
les anticorps anti-Igla, c'est-A-dire anti-IgG de Souris 
CBA. Le dCterminant Igla se trouve sur le fragment Fc 
de l ' IgG de Souris CBA. On peut  marquer ce fragment 
Fc par l'iode radioactif. Les anticorps anti-Igla doivent 
se lier aux fragments Fc marquCs de l ' IgG Igla. I1 est 
possible ensuite de prCcipiter les anticorps liCs, sans prC- 
cipiter les fragments Fc non liCs, grace A un s6rum de 
Lapin ant i  Fab de Souris. 

La mesure de la radioactivit6 du pr6cipit6 permettra 
de dCduire la capacit6 de liaison avec l 'atlotype Igla des 
anticorps d 'un  s6rum anti-Igla. 

La courbe de la radioactivit6 du pr6cipit6 en fonction 
de la dilution d 'un  s6rum anti-Igla de r6f6rence de titre 
connu permet aussi de doser l 'activit6 d 'un  s6rum anti-  
Igla en pourcentage d'activit6 du s6rum de r6f6rence. 

Matdriel et mdthodes. PrCparation des fragments Fab 
et Fc d ' IgG de Souris CBA. L ' IgG est obtenue A partir  
de sCrum normal de Souris CBA par prCcipitation au 
moyeu d 'une  solution de sulfate d ' ammonium saturCe 

35~/o puis par chromatographic sur DEAE Cellulose. 
Digestion de l ' IgG (100 mg) 16 h ~, 37°C par la papa~ne 
/~ 1% (Worthington) activCe par  du mercaptoCthanol. 
Les rCsidus sont passCs Atravers une colonne de sephadex 
G 75: on recueille le pic des fragments 3 S. On applique 
un gradient d'61ution: de Tris 0,01M sans C1Na A Tris 
0,01M C1Na O,4M. On obtient  2 pics A la sortie: le 
premier correspond au fragment Fab, le second au 
fragment Fc. 

Marquage du fragment Fc Igla par l 'iode 131 avec la 
technique ~ la Chloramine T 1. On a obtenu une solution 
de Fc marquCe /~ 25 ~zCi/ml et 5 ~g/ml. Le fragment Fc 
peut  6galement 6tre marqu6 g l 'iode 125. 

PrCparation du sCrum de Lapin ant i -Fab de Souris 
CBA. On a immunis6 des Lapins avec les fragments Fab. 
On a obtenu un sCrum de Lapin ant i -Fab de Souris 
contenant  2, 7 mg/ml d'anticorps avec une activit6 anti-Fc 
inf6rieure ~ 10~/o. 

Pr6paration du s6rum anti-Igla. On immunise des 
Souris C 57 BI/6 avec des suspensions de 2 × 109 bacilles 
HdmopMlus pertussis formol6s agglutin6s par des anti-  
corps anti-Hdmoph$lus pertussis dCveloppCs chez des 

Souris CBA. On teste les s6rums immuns  C 57 B1/5 
contre du s6rum CBA par pr6cipitation en gel d 'agar 
suivant  la technique d'OuCHTERLONY ~, qui montre un  
trai t  de pr6cipitation. 

M6thode de microdosage des anticorps antiallotype. 
A 10 V1 de solution de s6rum-albumine de bceuf ~, 1 mg/ml 
contenant  8 ~g/ml de fragment Fc non marqu6, on m6- 
lange 10 V1 de solution de Fc marqu6 par l 'iode 131 
5 &g/ml. Ces concentrations en fragment Fc ont 6t6 
trouv6es optimales. On ajoute 10 V1 de s6rum anti-Igla 

diverses dilutions dans du s6rum normal de Souris 

6~10 ~' 

._~ ~10 3 

~ I 

Dilution 

RadioactivitY, exprimfe en impulsions par minute, des fragments 
Fe (Igla) marqu6s par 131I pr6cipit6s de fagon sp6cifique par liaison 
aux antieorps anti-Igla grace au sfrum anti-Fab, en fonction de 
la dilution d'un serum anti-Igla. 
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